ABSTRACT: The influence of plant landscapes on recruitment of meiofaunal copepods was investigated in a New Zealand seagrass bed. Artificial plant mimics were placed into sediments at levels equivalent to natural blade densities (100 units per 0.5 X 0.25 m plot) in a variety of experimental treatments and retrieved 3 or 5 d later. To assess the effect of plant arrangement on faunal recruitment, plots were established within a seagrass bed in areas clipped of vegetation with (1) natural vegetation immediately surrounding the experimental plot; (2) natural vegetation clipped up to 0.5 m from plot edges; and (3) vegetation clipped up to 1 m from plot edges. Outside the natural seagrass bed plots were established in unvegetated sediments 0.5 m from the edge of the bed. Additionally, mimics were placed into plots 0.5 m from the edge of the bed which had sediment surfaces covered by plastic sheeting to determine whether recruitment onto plant mimics was from underlying sediments or from outside plots. Density of total copepods was highest on plant mimics with vegetation immediately adjacent to clipped areas inside the natural seagrass bed after 5 d. Densities of total copepods on mimics placed outside the bed were 5 x higher than those inside the bed and the covering of sediment significantly reduced recruitment. The dominant copepod species, Bulbarnphiascus sp., recruited to mimics irrespective of sediment border and probably invaded mimics from underlying sediments, although this was not true for other common species. While plant arrangement may influence recruitment of some copepod species, altering access to a source pool had a much greater effect on copepod densities on plant mimics.
INTRODUCTION
Evaluation of immigration/recruitment of new individuals into and emigration of previously resident members from a population has redirected thoughts about spatial scales over which population level phenomenon should be addressed (Wiens 1989 ). This perspective is especially true for studies of marine benthic organisms (e.g. Underwood & Fairweather 1989) including organisms in the meiofaunal size range (e.g. Walters 1988 ). In contrast to many larger macrofaunal organisms that are relatively sedentary as adults but have a dspersing larval stage, movement of both young and adult stages of meiofaunal copepods has been recorded . Thus consequences of migration for meiofaunal copepods may not be limited to a discrete age interval but present a continual challenge over their life span.
The concept of movement or recruitment of individuals over various spatial scales becomes especially intriguing in a benthic system such a s seagrass beds where above-ground vegetative structures cover O Inter-Research/Printed in Germany extensive areas of otherwise bare sediments. Moreover, the arrangement (defined here as the spacing and density of plants within a designated area of substratum) of above-ground seagrass structure is notably often patchy. Within a larger seagrass bed, areas ranging from less than 1.0 m to tens of meters across may sometimes b e devoid of blades d u e to disturbance events [e.g. boat damage (Walker et al. 1989) , feeding by rays, die back, etc.] and/or differential rhizomatous growth. Likewise, expansion of the bed margin may b e uneven, producing a mosaic of patches of bare sediment juxtaposed with clusters of plants. Thus, organisms inhabiting the edges and more central areas of seagrass beds naturally encounter a landscape of varying arrangements of vegetative structure.
The irregular spacing of vegetation among sediments produces large-scale patches of plant structure relative to the body size of meiofaunal copepods. While above-ground seagrass structure has previously been studied a s to the influence of density or heterogeneity of vegetation on other fauna (e.g. macrofauna, Stoner & Lewis 1985 , Eckman 1987 fish, Bell et al. 1987 ) no study has examined the role of seagrass plant arrangement on the smaller, extremely abundant meiofaunal crustaceans which associate with blades and live among the trapped sediments, detritus and epiphytes of the subcanopy. It is unclear how structures protruding above the surface impact migration or movement of not only those animals which directly utilize epibenthic structures, but also underlying sediment-dwelling populations (see Palmer 1986) .
A number of analogous studies in terrestrial systems have addressed the effect of plant arrangement on insect colonization and/or behavior (see Kareiva 1982 , Plowright & Galen 1985 , Denno & Roderick 1990 . In contrast to meiofaunal copepods which use plant structure indirectly, these studies focus on host specificity. For meiofaunal organisms where the spacing of vegetation among sediments is relatively large compared to their own body size, sediment/vegetation mosaics may directly or indirectly impact populations through a variety of mechanisms including alteration of predator (e.g. shrimp, small fish) activity, modification of water flow which may passively entrain copepods or influence epiphytic growth, and/or changes in copepod behavior. Accordingly, recruitment of meiofauna onto plant structures may b e affected when features of the vegetative landscape are modified.
Our study reported here utilizes a manipulative approach to investigate movement of seagrass associated copepods relative to the spatial arrangement of plant mosaics. We investigate recruitment (defined here as invasion of plants and short-term post-invasion events) of copepods onto plant structure within plots with either different size sediment borders inside a bed, and/or a partial border at the margin of a bed. In order to help interpret our findings we also investigate how elimination of a neighborhood source of recruits impacts movement onto plants.
METHODS AND MATERIALS
The study consisted of multiple sets of experiments conducted in a seagrass bed in Pauatahanui Inlet, near Wellington, New Zealand. The intertidal sediment bank is dominated by the eelgrass Zostera capricorni with blade densities approaching a maximum of about 400 blades m-2. The fauna typically found in seagrass beds at this site includes both true phytal (blade-dwelling) (e.g. Tisbe, Porcellidium spp.) and itinerant forms (e.g. Halectinosoma, Ectinosoma spp.) which inhabit both sediments and blade surfaces (Hicks 1986) . A subcanopy of primarily sediment-dwelling taxa (Bulbamphiascus, Paralaophonte, Halicyclops spp.) also occurs at this site. All of these species are capable of swimming to a greater or lesser extent. Furthermore, the beds at this site are of nonuniform morphology: patches of plants are separated by open sediment and bed margins may be convoluted. The Pauatahanui seagrass bed with its variation in arrangement of landscape features, along with background information on copepod species distribution (Hicks 1986 , thus serves as a useful model to examine movement of various meiofaunal copepods, by either active or passive means, onto plant structure.
All experiments used artificial seagrass plants to examine meiofaunal recruitment onto blade structure. Each artificial seagrass unit consisted of 6 lengths of 150 mm and 2 lengths of 50 mm polypropylene ribbon attached basally to a nail anchor (see Hicks 1989 for further details). Individual plant units had a surface area equivalent to 100 cm2. The use of plant mimics eliminated any confounding effects of differences in blade density, size, age or degree of epiphytism of experimental vegetation. Experiment 1. A pilot field experiment was conducted in June-July 1987 to determine the time course for colonization of mimics and to establish at what point sampling should occur to ensure recovery of an adequate number of specimens for further analysis. One hundred and forty mimics were planted into a haphazardly chosen area of 0.50 X 0.50 m at a distance of 0.5 m from the margin of a bed. On Days 0.5, 1, 2, 4, 6, 8, 12, 16, and 31, five plant units were removed from this plot and returned to the laboratory for processing.
Experiment 2. Using the information from Expt 1 (see 'Results'), a second series of field experiments was designed to assess the effect of plant arrangement on recruitment of subcanopy and itinerant species to mimics. These groups of species were of major focus in the study because they were the most abundant recruits to mimics on Day 4 of Expt 1, a length of time we regarded as optimal not only for colonization of mimics (see Table 1 ) but also for consideration of logistical constraints. Samples in Expts 2 to 4 circumscribed this time period (e.g. Day 3 and 5). The experiments were conducted in haphazardly-located interior sections of a large, natural Zostera bed during July 1989. During daytime low tide, artificial plant units were emplaced into 2 plots measuring 0.25 X 0.5 m in which live above-ground plants had been previously clipped to the sediment surface and removed. Units were planted at a density of 100 units per plot. In Expt 2, 3 different sets of interspersed plots were constructed resembliGg 'variation in bed morphology: one with natural vegetation immediately surrounding the experimental units (= 0 border), one with natural vegetation clipped up to 0.5 m from the experimental plot 1 edges (= 0.5 border) and one with natural vegetation clipped up to 1.0 m from plot edges (= 1.0 border). Zero and 0.5 border plots were sampled 3 and 5 d after plot construction; 1.0 border plots were sampled on Day 3 only. On all sampling dates, 10 experimental units were removed from each plot, and returned to the laboratory for immediate processing.
Experiment 3. This was designed to examine recruitment of fauna onto plant mimics outside the natural bed margln. Two experimental plots of the same dimensions as in Expt 2 were established simultaneously with the experimental plots inside beds. These plots were located 0.5 m from the edge of the bed and were ca 3 m from each other. No clipping was conducted in this area as vegetation was not present. Ten plant units were collected from each plot 3 and 5 d after planting and processed further In the laboratory.
Experiment 4. A set of experimental plots was established to determine whether recruitment onto plants was from underlying sediinents or from areas outside the plots. Two types of plots were constructed outside the seagrass bed, 0.5 m from the bed edge. One set consisted of 100 plant units in each of two 0.5 X 0.25 m plots, an identical arrangement to Expts 2 and 3, while an additional set dlffered in that all experimental units were planted into sediment which was covered by plastic sheeting (0.30 m X 0.55 m). Plastic treatments alternated with open sediment areas. Ten unlts were collected from each array 3 d after unlts were emplaced into plots and transported to the laboratory for processing. As an additional check on ambient densities of copepods in natural subcanopy and outside bed sedim e n t~, 6 cores (area -4.15 cm2) were taken from each area and sorted for most abundant copepod species.
In the laboratory all experimental units were shaken vigorously in 70 % alcohol; this process was effective in removing 95 O/ O of blade-associated fauna. Organisms were then rinsed onto a 63 ,pm sieve along with any sediment that had accumulated on blades or around the basal sections and transferred to small petri dishes. Fauna were enumerated and identified to specles, sex and life history stage. As a measure of amount of sediment deposited on blade mimics, sediment in petri dishes was categorized as low, moderate, high or very high depending on the relative amount of sediment cover of gridded dish bottoms (see below).
Plant mimics were randomly emplaced 0.5 m from the bed margin and retrieved after 3 d to quantify sediment accumulation on experimental units. Twentyfive plant units were returned to the laboratory and sediment washed onto 63 ,pm sieves using the procedure described above for faunal extraction. Sediments were classified as low, moderate, high or very hsgh as above but were also subsequently collected from dishes for dry weight determination. This procedure provided a quantification of the above-sediment categories.
Statistical analyses. All data were recorded as number of individuals per plant, being equivalent to 100 cm2 of blade surface. Because treatments are constrained in their randomization in Expts 2 to 4, each mimic or experimental unit was considered a subsample (see also Hicks 1989) . Results for the colonization tsme course (Expt 1) were subjected to a series of sequential t-tests (e. g Day 0.5 vs 1 ; Day 1 vs 2) to determine if significant differences existed between each pair of dates. When appropriate, plots were treated as blocks to evaluate whether any spatial effects of position of plots within or outside of beds existed. ANOVA with plots as blocks was used to evaluate differences in copepod abundance on mimics from various experimental treatments (i.e. border, cover, time after planting). A Bartletts test for homogeneity of variance was employed prior to ANOVA and transformation applied if necessary. Category of sediment accumulation (1 = low, 2 = moderate, 3 = high, 4 = very high) was tested vs copepod abundance using a Spearman rank correlation test. All tests were evaluated at the p = 0.05 level of significance.
RESULTS

Experiment l
Mimic plants were quickly colonized by meiofaunal copepods in Expt 1 (Table 1) . After 1 d , copepod density levels changed little over the 31 d interval of the June 1987 experiment. While copepod abundance was significantly lower on Day 0.5 compared to Day 1 (t-test, p < 0.01) no significant difference was detected among copepod densities for any other paired comparison of dates. The nun~erically CO-dominant species were Paralaophonte sp. and Bulbamphiascus sp. (Table  l ) , both forms found predominantly in subcanopy sediments and occassionally on natural blades (Hicks 1986) . Phytal species showed a general increase over the latter half of the 31 d period. Thus, within a short time (2 to 4 d ) , the total number of copepods on plant mimics attained density levels similar to that of natural blades in June 1988 (mean density = 30.9 per plant unit; Hicks unpubl. obs.) and remained so for greater than 3 wk. Given the extended period of time for phytal species to stabilize abundance, it is suggested that some conditioning of the blades may be necessary for persistent recruitment. We thus eliminate phytal species from experimental evaluation.
Experiment 2
In Expt 2 (July 1989) examining border effects, the highest denslty of sediment dwelling and itinerant Table 1 Colonization of mimic plants 0.5 m from grassbed margin by total copepods, the 2 dominant sediment-dwelling species and those categorized by Hicks (1986) (Fig. 1) . A 2-way ANOVA for total copepods examining density by day (3 or 5) and treatment (0 m border, 0.5 m border) with plots as blocks, indicated no block effect (p = 0.10, F = 2.87, df = 1) and no day effect (p = 0.47, F = 0.516, df = l ) , but a significantly lower number of copepods in the 0.5 m treatment (p = 0.035, F = 4.64, df = 1) was recorded compared to treatments with no sediment borders (0 m border) (Figs. 1 & 2) . Juvenile and adult stages of all copepod species dominated samples and few nauplii were collected. In Expts 2 & 3, 5 species of meiofaunal copepods were regularly found on plant mimics in all border treatments inside beds (Table 2) . Bulbamphiascus sp., a subcanopy sediment dweller and swimmer, was overall the most abundant species in every treatment, but Paralaophonte sp. and Halicyclops sp. were also common on mimics in the 0 and 0.5 border treatments ( Table 2) . Bulbamphiascus and Paralaophonte sp, were numerically dominant and itinerant species frequently encountered on natural blades collected in July 1989 Table 2 ). The slope of the regression line (-0.92) of density of these 2 species ( Y ) versus border distance (X) is significantly different from zero (p < 0.01). Curiously, phytal species (particularly Tisbe, and Porcellidium) were uncommon both on mimics and natural blades (Bell & Hicks pers, obs.) during these experiments in 1989 although in previous years they dominated the blade fauna in the month of July (Hicks 1986, Hicks unpubl.) .
Experiment 3
Expt 3, conducted at a distance of 0.5 m from the bed edge, demonstrated similar rapid colonization of mimics (Fig. 3) as recorded in Expt 2, conducted inside the bed. Densities of copepods on mimics outside the bed were, however, 5 times higher than those on mimics emplaced inside the bed (cf. Fig. 2 vs 3 ). Results were consistent over time and spatial scale; a l-way ANOVA on days (3 vs 5) using plot as blocks indicated no day (p = 0.90, F = 0.015, df = 1) or block effects (p = 0.11, F = 2.7, df = l), similar to findings from mimics planted in interior bed areas.
Experiment 4
Results from Expt 4 demonstrated that covering of sediments had a major impact on recruitment of copepods to plant mimics over 3 d (Fig. 4) . Significantly more copepods were recovered from blade mimics planted into uncovered versus covered sediments (p < 0.0001, F = 29.4, df = 1) and no block effect was detected (p = 0.89, F = 0.0018, df = 1). Tabulation of mean densities in each of 2 plots for the 4 most frequently encountered species indicated that in 7 of 8 cases higher densities were recorded in uncovered vs covered plots (Table 3 ) and the probability of this occurring by chance alone is less than 0.05. In some cases no recruitment was observed in the plasticcovered plots and Bulbamphiascus abundance on uncovered mimics was ca 6 times higher than on mimics planted into plastic (Table 3) . Table 3 . Mean densities of most abundant copepod species in sediments inside and outside beds (n = 6 cores) and in mimic treatments at seagrass margin on Day 3. Uncovered: mimics planted into natural undisturbed sediments; covered: mimics planted into plastic covered sediment. A and B refer to plots Sediment deposition on mimics
The amount of sediment deposited on blade mimics was highly variable and ranged from low to very high for treatments both inside and outside the natural seagrass bed (Table 4 ) . Mean dry weight of sediment was similar (ca 0.3 to 0.6 g per plant mimic) across experimental treatments (Table 4) . A Spearman correlation test of 0.5 m border, inside bed 1.9 1.0 m border, inside bed 2.1 0.5 m border, outside bed 1.9 sediment category (1 to 4) versus copepod density on mimics collected from outside and inside the bed after 3 d indicated a significant correlation (n = 78, r = 0.277, p < 0.05). Sediment accumulation on blades was highly variable in spite of the constant blade morphology, age and plant density used in experimental plots.
DISCUSSION
The overall findings confirm that differences in copepod recruitment rates exist over the scale of landscape features in a New Zealand seagrass bed. Recruitment by preadult and adult stages of copepods onto plant mimics occurred rapidly but varied among the different arrangements of borders of seagrass vegetation. Results from the initial colonization experiment suggest that recolonizatlon levels detected after 3 to 5 d may b e sustained over a number of weeks.
Apart from establishing the scale over which recruitment may vary within seagrass beds, important fauna1 differences were also identified. Given a shorter distance for organisms to move from an assumed source of recruits, previous investigators have predicted and reported an increased rate of initial colonization (Gunnil1 1982 . Virnstein & Curran 1986 ). The present experiments have shown this to be so for only some of the common species (Halicyclops sp., Paralaophonte sp.) while others (Bulbamphiascus sp., Halectinosoma hydrofuge, Erlhydrosoma variable) colonized plant mimics at consistent rates irrespective of distance barriers from a putative subcanopy recruitment source ( Table 2 ).
The differential rates of colonization may well relate to the swimming competency of each species. Bulbamphiascus sp. and Halectinosoma hydrofuge colonize plants both inside and outside beds at similar rates, relative, of course, to the size of the neighborhood source pool (Table 3) . Halicyclops sp. and Paralaophonte sp., however, have some difficultly colonizing plants across the 1 m sediment border inside beds. Bulbamphiascus and H. hydrofuge have been shown to be amongst the most capable swlmming species in seagrass beds at this site, together accounting for about 40 O/O of all individuals collected in emergence traps (see Table 8 in Hicks 1986 ). On the other hand, Halicyclops and Paralaophonte demonstrate lower levels of capture in traps (together about 5 % of total) which would suggest a reduced swimming capability, thereby providing an explanation for the pattern in Table 2 . These results reiterate that the scale over which recruitment varies as plant arrangement is altered appears to be species dependent.
The results from experiments performed outside the bed provide direct evidence that immediate adjacency of dense seagrass vegetation is not a prerequisite for the recruitment of high densities of copepods, a pattern also previously detected for insects on host plants (Kareiva 1987) . Earlier work in Pauatahanui Inlet had shown that abundances of Bulbamphiascus sp. were highest on sediments beneath a dense seagrass canopy, with much lower density outside of the bed in open sediments ( H~c k s 1986). In the present experiments this trend was reversed with higher abundances outside at bed margins (see Table 3 ). Examination of copepod species abundances in sediment cores and on uncovered plant mimics outside the bed suggests that the high densities of Bulbamphiascus on plant mimics may simply reflect the higher ambient pool of potential colonists of this species in outside underlying sediments (see Table 3 ) . Certainly the experiments with covered sediments confirm this suggestion as low numbers were found on mimics when a barrler to upward movement out of the sediment and onto mimics was in place (Fig. 4 , Table 3 ). While plant arrangement may influence recruitment levels (a density difference of ca 25 O/ O between border treatments), altering access to one source pool had a much greater influence on resultant densities on plant mimics (a 7 0 % change in densities when source pool was altered). These combined results provide an important warning the effects of plant arrangement may only be deciphered if equivalent source pools are being compared. Hence, comparison of results of experiments inside vs outside edges of beds must proceed cautiously.
Variation in landscape features and events that cause such variationover the spatial scaleof a seagrass bed may operate to produce localized differences in copepod density levels. Small-scale changes in physical characteristics such as detrital accumulation (Meyer & Bell 1989) , flow (Eckman 1987) or light and epiphyte load (Hall 1988 , Hall & Bell 1988 ) have been reported to directly or indirectly alter faunal abundance. The positive association of copepod density and sediment load on plants across all treatments suggests that further examination of this relationship may b e warranted. It is also consistent with previous investigations Linking meiofaunal abundance to the level of deposited sediment on rocky shore algae (Hicks 1985 forreview, Gibbons 1988 . Moreover, changing seagrass landscapes may affect reproductive behavior of copepods via modification of migration linked to reproductive activities . The relative effect of alteration of landscape features will thus depend on the way these associated physical or biological factors impact directly on the immigration process. Arguably, alteration of immigration by border arrangement should be added to the list of features by which spatial distribution of vegetation may affect populations of associated fauna.
Data exist which lend support to the concept that copepod populations are maintained by immigration of members from outside source pools. Other studies on copepods from seagrass beds in Florida have demonstrated (1) movement of copepods into the water column (Walters & Bell 1986; Bell et al. 1989) , and (2) changes in population densities that could not be explained by in situ reproduction of organisms inhabiting beds of > loo2 area (e.g. Meyer 1990, Hall & Bell unpubl) . These studies together with information on seagrass inhabitants from New Zealand which exhibit similar movement capabilities (Hicks 1986 , this study) suggest that the spatial scale over which some copepod populations should be examined within vegetated sites may extend beyond the borders of a single bed, with immigration of both young and adult stages from outside source pools a common event.
It is clear that understanding the impact of landscape patterns on fauna in seagrass beds will involve concurrent recording of vegetation patch dynamics and faunal responses. As habitat structure of macrophytes is altered, so too may be the set of complex interactions among associated fauna and flora (Heck & Crowder 1990) . While the results presented here focus primarily on copepods and seagrass blades, potential implications exist for other marine systems where habitat structure is of non-uniform distribution.
